Voltammetric behavior of ketoconazole and its determination in cosmetic preparation using a β-cyclodextrin modified glassy carbon electrode  by El Ries, M.A. et al.
Bulletin of Faculty of Pharmacy, Cairo University (2013) 51, 49–55Cairo University
Bulletin of Faculty of Pharmacy, Cairo University
www.elsevier.com/locate/bfopcu
www.sciencedirect.comORIGINAL ARTICLEVoltammetric behavior of ketoconazole
and its determination in cosmetic preparation using
a b-cyclodextrin modiﬁed glassy carbon electrodeM.A. El Ries a, M.F. Abdel Ghany b, L.A. Hussin b,*, Fawzy M. El-Anwar a,
A.M. Mohamed aa National Organization for Drug Control and Research, 6 AbuHazem Street, Pyramide Ave., Giza, P.O. Box 29, Cairo, Egypt
b Analytical Pharmaceutical Chemistry Department, Faculty of Pharmacy, Ain Shams University, EgyptReceived 7 June 2011; accepted 25 July 2011
Available online 3 January 2013*
E
Pe
U
11
htKEYWORDS
Cosmetic preparations;
Glassy carbon electrode;
Ketoconazole;
VoltammetryCorresponding author. Tel.
-mail address: lobna.analyti
er review under responsibi
niversity.
Production an
10-0931 ª 2011 Faculty of P
tp://dx.doi.org/10.1016/j.bfop: +20 01
cal@yaho
lity of F
d hostin
harmacy
cu.2011.Abstract A voltammetric determination of ketoconazole (KCZ) at a beta-cyclo-dextrin modiﬁed
glassy carbon (CDMGC) is described. A large increase in the peak currents was observed in cyclic
voltammetry (CV) and differential pulse voltammetry (DPV) of KCZ. This increase in the big cur-
rent were attributed to the complex formation of the KCZ with b-cyclodextrin. CV studies indicate
that the process is irreversible and adsorption-controlled. The effect of pH, scan rate, cyclodextrin
concentration and stability of electrodes on the current responses of KCZ was studied. The linearity
was obeyed over the concentration range (1–8 · 105 mole/l) with a common correlation coefﬁcient
and limit of detection of 0.9996 and 10.54 · 108, respectively, in pH 9 Britton–Robinson (BR) buf-
fer. The modiﬁed electrode exhibited good sensitivity, and stability. The voltammetric method was
successfully applied for the determination of KCZ in pure solution and in cosmetic preparation
under batch condition.
ª 2011 Faculty of Pharmacy, Cairo University. Production and hosting by Elsevier B.V.
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09.0011. Introduction
Ketoconazole (KCZ) has a potent antifungal activity against
dermatophytes and yeast. KCZ containing shampoo rapidly
relives scaling and pruritus, which are associated with pityria-
sis versicolor, seborrhoeic dermatitis and pityriasis capitis
(dandruff). KCZ is substituted imidazole one of a family of
azoles useful in treating systemic mycoses, in addition to its
antifungal activity, KCZ also inhibits gonadol and adrenal ste-
roids synthesis in human’s. It suppresses testosterone and cor-
tisol synthesis. KCZ is metabolized by the hepa microsomal
oxidation system, and only a small fraction (<1%) of thehosting by Elsevier B.V. Open access under CC BY-NC-ND license.
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Scheme 1 Ketoconazole structure.
50 M.A. El Ries et al.administrated dose (4–200 mg) was excreted unchanged in the
urine, for this reason a highly sensitive analytical method is
essential for the evaluation of this drug in urine.1 Chemically
KCZ (Scheme 1) is 1-acetyl-4-[4-[[2RS,4SR)-2-(2,4-dichloro-
phenyl)-2-(1-H-imidazol-1-yl methyl)-1,3-dioxalan-4-yl] meth-
oxy]phenyl] piperazine.2 Several analytical methods have
been developed for the determination of KCZ. These include
spectrophotometry3,4 spectroﬂuorimetry,5 high performance li-
quid chromatography,6 thin layer chromatography,7 supercrit-
ical ﬂuid chromatography with UV detection,8 and capillary
electrophorisis.9 The presence of electro active groups in the
KCZ molecule makes it an interesting candidate for electro
analytical methods for analysis. Earlier papers investigate
several electro analytical procedures. These include oscillo-
polarographic method,10 stripping voltametric, and polaro-
graphic techniques for determination of KCZ on the mercury
electrode were reported.11 The more extensive electrochemical
studies of KCZ oxidative properties have been carried out on
different class of electrodes (Au, Pt and glassy carbon), using a
bar of carbon paste electrode. These electroanalytical methods,
some of them based on the oxidation of KCZ, offer a poor sen-
sitivity.12,13 The cyclodextrins (CDS) are important and widely
studied examples of host molecules which are capable of form-
ing inclusion complexes with variety of guest by incorporating
them the relatively nonpolar cavity.14–16 b-Cyclodextrins are
cyclic carbohydrates with seven glucose units, which can cap-
ture the KCZ molecule.17 The mole ratio of the guest to host
(CDS) is usually 1:1and 2:1 due to these reasons there has been
increasing interest in the use of CDS as a modiﬁer of organic
electrode reactions. The complexation abilities, and analytical
applications of working electrodes modiﬁed with cyclodextrin
was reviewed and investigated.18–21 Carbon, and its derivatives
as the high performance material, occupy a special place in
electrochemistry due to its extreme properties.22 Glassy carbon
electrode (GCE) is a class of non graphitizing carbon that it is
widely used as electrode material in electrochemistry. It is also
known as vitreous carbon. Glassy carbon electrode is used
very commonly because of its excellent mechanical and
electrical properties impermeability to gases and extremely
low porosity.23 Electro analytical application of carbon based
electrodes to determine pharmaceutical compounds in their
dosage forms and in biological samples using modern
electrochemical techniques are reviewed.24 A literature survey
revealed that no attempt has been made to study the
voltammetric behavior of KCZ as an oxidation process using
modiﬁed b-cyclodextrin glassy carbon electrode. The aim of
the present work, and in continuation of our previous
work,25–32 is to construct a sensitive and selective analytical
method to determine KCZ in a simple, fast, and inexpensive
way using modiﬁed glassy carbon b-cyclodextrin (GCMCD)electrode for determination of KCZ in pharmaceutical
preparation.
2. Materials and Methods
2.1. Chemicals and reagents
All the reagents used in the experiments were of Analytical
grade. Triple distilled water was used throughout the experi-
ments. Desired concentrations of solutions were prepared daily
from stock solution by dilution.
KCZ was provided by Eva pharmaceuticals, Egypt. The
cosmetic preparation of KCZ containing Shampoo ‘‘Nizapex’’
was supplied from (Apex) B.N.89264, b-cyclodextrin was pur-
chased from Reordeh and used as received (99.8% m.p. 268).
The Britton–Robinson buffers were made in a usual way (i.e.
by mixing 0.04 mol/l of each acid; phosphoric acid, acetic acid
and boric acid then the pH was adjusted to (2–10) with the
appropriate amount of 0.2 mol/l sodium hydroxide).
2.2. Apparatus
The voltammetric measurements of the drug under investiga-
tion were carried out using a computer-driven AEW2 analytical
electrochemical workstation with ECProg3 electrochemistry
soft ware (sycopel, England) in combination with a c-2 stand
with a three electrodes conﬁguration. The working electrode
was a glassy carbon disc electrode (BAS model MF-2012),
The reference electrode was Ag/AgCl/3 M NaCl (BAs model
MF-2063),and platinum wire (BAS model MW1032) counter
electrode. Origin 7.0 software was used for the transformation
of the initial signal. The pH measurement were carried out
using Cyberscan 500 digital (EUTECh Instruments, USA)
PH-meter with a glassy combination electrode.
2.3. Preparation of glassy carbon working electrodes
The glassy carbon electrode (GC) was polished manually with
0.5 lm alumina powder on a smooth polishing cloth prior to
each electrochemical measurement. Then, it was thoroughly
rinsed with methanol, doubly distilled water, and gently dried
with a tissue paper.
2.4. Analysis of cosmetic preparation
An aliquot of Nizapex shampoo equivalent to 1 · 103 mole/l
drug was accurately weighed and transferred into 100 measur-
ing ﬂask. Aliquots of the drug solution were introduced into
the electrolytic cell containing 5 ml of BR buffer (pH 9) to
yield a ﬁnal concentration of 1 · 104 mole/l. The differential
pulse voltammogram was subsequently recorded by employing
a scan rate of 10 mV/s and pulse amplitude 50 to quantify the
unknown amount of drug in the solution, a multiple standard
addition procedure was employed.
3. Results and discussion
Primary experiments were carried out to test the effect of CD
on the determination of KCZ. Fig. 1a, shows differential pulse
voltammogram of blank run, and KCZ using CDMGCE with
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Figure 1a Differential pulse voltammogram of blank run, (–) and KCZ using CDMGCE (––) with 8 · 105 mol/l concentration in BR
buffer (9.0), pulse amplitude 50 mV, scan rate 10 mV/S.
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Figure 1b Cyclic voltammograms of (–) KCZ at GCE and (–––) KCZ at CDMGCE.
Voltammetric behavior of ketoconazole and its determination in 518 · 105 M concentration in BR buffer 9.0, pulse amplitude
50 mV, scan rate 10 mV/S. Fig. 1b shows the CV curve of
KCZ with and without b-CD addition. As shown in the ﬁgure
the presence of b-CD improve the sensitivity of the method. It
demonstrate also the cyclic voltammograms recorded for KCZ
at GCE and CDMGC on scanning from 0.0 to 1.0 V towards
a positive potential on a GC, only a much smaller anodic peak
at 0.684 V was observed when CDMGC was used a large in-
crease in the peak current at 0.673 V was observed, the peak
currents were nearly twice to that of the GC. No peaks were
observed in the cathodic sweep indicating that the oxidation
of KCZ is an irreversible process. The increase in peak currents
at GC may be attributed to the formation of inclusion complex
between b-CD and KCZ17 according to the equilibrium.
KCZþ CD¡KCZCD ð1Þ
where KCZCD is the association complex between KCZ and
b-CD, which is in accordance with the complex formation isin the ratio of 1:117 The formation of inclusion complexes be-
tween KCZ and cyclodextrin are markedly affected by pH va-
lue of the solutions. Strong interactions are observed using
Britton–Robinson buffer at pH 9 compared to media with
other pH values. Fig. 2. shows the cyclic voltammogram of
4 · 105 mole/l solution of KCZ in BR buffer (2–9). At
pH > 9 the process become smaller, together with a poor peak
deﬁnition. The effect of pH on the peak current is shown in
Fig. 3, the effect of pH on the peak potential is shown in
Fig. 4. The peak current was also pH dependant as shown
in Fig. 3. The maximum peak current value was obtained at
pH 9.0, this is why pH value was chosen to carry out the elec-
tro analytical study. It was also found that the peak potential
is shifted to more positive values with increasing pH and the
peak height decreases markedly at pHP 2.0, Fig. 3, further-
more, the effect of buffer constituents on the interaction of
KCZ with cyclodextrins was also studied in the presence of
several supporting electrolytes at pH 9, e.g borate, phosphate
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Figure 2 Cyclic voltammogram of 4 · 105 mol/l KCZ at
different pH (2, 4, 7, and 9) in BR buffer at CDMGCE and scan
rate 100 mV/S.
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Figure 3 Effect of pH on peak current of 4.0 · 105 mol/l KCZ
solution in BR buffer at CDMGCE at scan rate 100 mV/S.
pH
0 2 4 6 8 10
E/
V 
vs
 A
g/
A
gc
l
0.68
0.70
0.72
0.74
0.76
0.78
Figure 4 Effect of pH on peak potential of 4 · 105 mol/l KCZ
in BR buffer at CDMGCE at a scan rate 100 mV/S.
Table 1 Chosen experimental conditions.
Variable parameter Chosen value
pH 9.0
Buﬀer volume (ml) 5
Temperature (C) 21
Stirring rate (rpm) 2000
Scan rate (mV/s) 10
Pulse amplitude(mv) 50
[CD] X 10-7 mol l-1
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Figure 5 Effect of scan rate at 4.0 · 105 mol/l KCZ.
52 M.A. El Ries et al.and Britton–Robinson. Best results were obtained in the Brit-
ton–Robinson buffer solution, therefore, Britton–Robinson
buffer (pH 9) was employed throughout this study.
Several instrumental parameters, such as scan rate and
pulse amplitude, which directly affect the voltammetric re-
sponse was also studied. The peak current obtained in DPVdepends on these instrumental parameters. It was found that
these parameters had effect on the peak potential. The chosen
working conditions were stirring rate of 2000 rpm, a scan rate
of 10 mV/s and pulse amplitude of 50 mV, increasing in scan
rate and pulse amplitude causes peak width. The experimental
conditions are summarized in Table 1.
The effect of scan rate was studied as shown in Fig. 5. The
peak current was examined under the above conditions and
was found to increase linearly with the scan rates from 10 to
100 mv/s which suggest that the electron transfer is adsorption
controlled process.
Shows the effect of b-CD concentration on the analysis of
the drug, the b-CD contents of 0%, 10%, 20%, 30%, 40%,
50%, 60% w/w were tested in Britton–Robinson buffer solu-
tion. It was found that increase b-CD content in the GCE
would increase the peak current of KCZ. The KCZ molecule
which captured on the surface of CDMGCE would increase
the peak current of KCZ as the content of b-CD is increased
up to 60%, however when the content of b-CD was above
60%, the CDMGCE was not useful due to low sensitivity by
high resistance of CDMGCE.
Fig. 6 shows differential pulse voltammograms recorded at
CDMGCE of concentration 1 · 104 M KCZ in 0.04 M of
Britton–Robinson buffer of pH 9.
The calibration over this lower range is linear. The anodic
peak currents of KCZ and the stability of the electrode were
considerably related to the content of b-CD in GC.
To examine the stability of CDMGCE, a well deﬁned wave
of KCZ can be obtained after modiﬁcation of electrode with
60% w/w of b-CD at an ambient temperature (21 ± 1 C),
and the peak current remains the same after placing the
electrode in the BR buffer solution of pH 9. The peak current
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Figure 6 Differential pulse voltammograms for the determina-
tion of KCZ at the CDMGC as a function of concentration of the
drug, pulse amplitude = 50 mV, scan rate = 10 mV/S.
Voltammetric behavior of ketoconazole and its determination in 53values were detected every 30 min with a relative standard
deviation (RSD) of 7.5% (n= 10) the results indicate that
the electrode has good stability.
3.1. Application of the proposed method to analysis of cosmetic
preparation
The CDMGC was applied to the measurement of ketocona-
zole in cosmetic formulation by DPV. The accuracy of theTable 2 Determination of ketoconazole in commercial available co
Taken amount 1 · 105 mol/l Pure added 1 · 105 mol/l
0.2 0.2
0.2 0.4
0.2 0.6
0.2 0.8
Mean 99.84
SD 0.562
RSD% 0.5619
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Figure 7 Calibration curve of KCZ at CDMGCE by usimethod using CDMGC was determined by its recovery during
spiked experiments. A commercial preparation namely
Nizapex shampoo, which contain 20 mg/g were studied.
Spiked assays were used to determine accuracy of the proposed
method. The results for the standard addition procedure using
DPV proposed method applied to these samples are show in
Table 2 the recoveries of KCZ from the cosmetic preparation
are satisfactory with recoveries ranging from 99% to 100.2%
with a mean value of recovery 99.84 ± 0.5%, there was no
interference found from the additive in the shampoo analyzed
by the present method.
3.2. Calibration plots and limit of detection of CDMGCE
Calibration curve Fig. 7 was constructed in 0.04 M Britton–
Robinson buffer of pH 9.0 and was found to be linear in the
range (6 · 106–8 · 105) mole/l with the equation:
y ¼ 6:314þ 1:05X ð2Þ
where y: is the current in l ampere and X: is the concentration
in lmol/l.
The suggested methods are valid and applicable for the
analysis of KCZ in Nizapex shampoo as shown in Table 2.
The validity of the proposed methods was assessed by applying
the standard addition technique, which showed accurate re-
sults and there is no interference from excipients as shown in
Table 3.
Method validation was performed according to ICH guide-
lines for the proposed method. Table 4 shows the results ofsmetic preparation with CDMGCE by DPV at pH 9.0.
Found 1 · 105 mol/l Recovery% of pure added
0.4002 100.05
0.594 99
0.8016 100.2
1.001 100.1
 10 -5 mol l -1
4 6 8
ng DPV, pulse amplitude 50 mV at scan rate 10 mV/S.
Table 3 Assay for KCZ in cosmetic preparation by electrochemical.
Claimed 1 · 105 Taken amount 1 · 105 Founda 1 · 105 Recovery % of GCE
0.2 0.2 0.4002 100.05
0.2 0.4 0.594 99.00
0.2 0.6 0.8016 100.20
0.2 0.8 1.001 100.10
Mean 99.84
SD 0.562
RSD% 0.5619
a Each value is an average of three values.
Table 4 Validation results of the proposed glassy carbon past
electrode method.
Parameters CDMGCE
Linearity
Slope 1.05
Intercept 6.314
Correlation Coeﬃcient (r) 0.9996
Range 6 · 106–8 · 105 mol/l
Accuracy (Mean ± SD) 99.84 ± 0.562%
Precision (%RSD)
Repeatability 0.822
Intermediate precision 1.096
Limit of detection (LOD) 10.54 · 108 mol/l
Limit of quantiﬁcation (LOQ) 35.14 · 108 mol/l
*The intra-day inter-day and relative standard deviation of the
average of concentrations 2, 4 and 6 · 105 mol/l.
**Limit of detection and quantitation are determined via
calculations.
54 M.A. El Ries et al.linearity, accuracy, repeatability and intermediate precision of
the methods. The precision of the method was evaluated by
repeating six experiments on the same standard solutions
(repeatability), and over 10 days from the different standard
solutions and different electrodes of same composition (repro-
ducibility) repeating the experiments for six times33. To study
these experiments the chosen concentration of the stock solu-
tion was 1 · 104 mole/l. The results were given as shown in
Table 4. The limit of detection (LOD) and limit of quantiﬁca-
tion (LOQ) of KCZ using CDMGCE are given in Table 4. TheTable 5 Statistical comparison of the results of the proposed
method and the reported HPLC method for determination of
pure KCZ.
Item CDMGCE Reported HPLC34*
Mean ± SD 99.84 ± 0.562 99.00 ± 0.832
%RSD 0.5629 0.840
n 10 5
Variance 0.316 0.6922
Student’s t-test 0.66 **(2.160) –
F-value 2.190 **(3.33) –
* Column Hypersil BDSRP-C18 column, mobile phase – methanol:
H2O: diethylamine (74:26:0.1 by volume), Flow rate 1 ml/min.
** Figures between parentheses corresponding to tabulated values
at p= 0.05.LOD and LOQ were calculated using the equations,
LOD= 3 · S.D./m, LOQ= 10 · S.D./m where ‘‘S.D.’’ is the
standard deviation of the peak currents and ‘‘m’’ is the slope
of calibration curve.34 The sample solution did not show any
appreciable change in the peak current values even after two
months; this conﬁrms the stability of KCZ.
The results obtained by applying the proposed methods
were statistically compared with the reported HPLC method34
and no signiﬁcant difference was found regarding accuracy
and precision as in Table 5.
4. Conclusion
The present work investigates the effect of b-CDs on the deter-
mination of KCZ using CDMGCE. The electrochemical re-
sults demonstrated that the KCZ molecules can be included
within CDs in aqueous solution. It was also found that, the
small-size cavity of b-CD offers the best protection of KCZ
from solution. The work described, here shows a sensitive,
and selective method for the determination of KCZ with the
CDMGCE. The above results demonstrates that the electrodes
modiﬁed with b-CDs manifest a maximum attainable voltam-
metric response and signiﬁcantly higher than the response of
GCE.
5. Conﬂict of interest
None.
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